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A NON-VERBAL TECHNIQUE FOR THE ASSESSMENT OF GENERAL
INTELLECTUAL ABILITY IN SELECTION OF AVIATION PERSONNEL

1. Introduction. search sequence. Alibtisi and] Coates found that.
Present. selection proceduires which test fo someo CO'1'IAN measuires established by factor

ablillty to sucecessfully complete training in maiy analytic jbroeedlures correlatedl ili) to Zli2 with the
skilledl aviation p)rofessionls, suich ats air traffic avnPorsI" eMtie et(1M)
control, give heavy weight. to verbal skills. Per- nion-verbal intelligence assessmlent. techniqule, andl

fo mane nteslcints a hrfr to .3I6 with the Qu1intitative andl Total scores. of
(leIanend in lare part.ctpon thek mayre theeo re'ii the Scholastic Aptitude Trest (SAT). HIowever,
ain individual hias a history of langiuage exet- tl pattern of correlations in their stuldy suig-enesaproritetote eralasecs f h gested that. the standard code-lock portions of
assessmnent. devices employed. Thus, selection COTA (pae1an2)mgte.scley
procedures which include predominantly verbal rehated to the RPM1T as mneasutres from the entire
components may discriminate qa~inst. individuals CTA ak n ups ftepeet
with otherwise adequate abilities. Such (liscrimii- study was to examine this p)ossibility by testing
nation is most likely to influence tile performance sbecso thcd-lklrcelreanad
of cultural minorities, since their language ex- cmaigteriromnet hi crs
pe~riences may be markedly different fromt tile tile RPM1T.
experiences of most of the individuals used to A second interest of this study was to deter-
standardize selection deie~e9 Therefore, mineRi to what. extent. performance on tile codle-
there is a need for at measuire of job-relevant lock task might be related to mnore greneral
intellectual abilities which is. not dependent on measures of intelligence tihan the RPMT. One
specific acquired verbal skills, of thle limitations of the RPMIT is that it has

A device wihichl may have sonme promise in tllis been found to have a limited relationship to
regalrd is thle "code-lock" problemi-solving task. performance in most acadlemic or occup~ational
Thol device w-as originally (developed as part of settings? If the code-lock task is al!9o found to
a, group) prbeisovn rog~ram for use in be relatedl to geineral, as wvell as to n~on-verbal,

asesn ai)-rol lerf-olvitince an a sbe intellectutal ability, then its value for utse in selec-

qutently m~nod ified for uisp, with individuals. It tion batteries would be, ziiicl enhanced. In this
requresI sib'ct o dterinethecorectse- case, time measure of intelligence chosen wvas tile

rquiese ao prssingt ptodebtermne the correc a Otis Quick-Scoring Mental Ability Test since it

spcfedsacl ehice odfe erino is brief, easily adlministeredl, often uised in schio-
tilecod-loc tak, clle COTANwas sed last ic p~lacement, andl is reasonably correlatedl

by Alluisi aiid Coates' to test, the relationshlip wihoietssofielince..
betwveen this, general type of lirocedutre and Tile third concern of this experiment. wvas to
various measures of intelligence and achlievemlent. study time effects of problemn difficuilty ti1)01 the
The COTRAN p~rocedure is considerably more relationship between codle-lock anl intelligence
complex tivin tile. code-lock task, as it. consists of test. performance. The measure of (lifficuilty cm-
thlree lplaw~s. Phlase one is a standard code-lock 1Plok~ed wits thle coliplexity Of elleli code-lock
p~roblem, pIhase two is at secondi standard code- jplOblcll, deflinled as the 1111inlher of buItto 1)resses
lock prob ,len whios-e solution is a transform of requliredl by the search sequence to determine thle
thle first. problem. and phase thlree is a code-lock correct. iprobleiil solution. In other wvordls, a
proble-ii wvhichl is- to be solved by application. of prob~lemi soluitionl which matchmed time search se-
thle transformation ruile rather thianj tllrouigl the qunence e~xac(tly %vould be of lowest diflictilty, whlmie



tlie Iiont the i'orreet seqiience departed from the would be illuminated signifying that the problem
Me:Irt'l sQ~fenha'd the itt'e liitilt the problem. had been solved. After a ten-second delay, the

same problem would be presentedl a second time,

I1. Method. thus requiring the subject to remember the se-
qeience during the inter-problem interval. Thus,

vee., jmiThe subjects for this experiment fach probleml was solved twice, once by searching
we,'e -15 paid nale volunteers recruited from for the answer and once by re-entering the al-
tit,|ig t he sttdents of tle lniv'ersiry of Okla- really obtained answer. Subjects were required

h1olow wart-t itl eip oid•vuenlt pool. to make all responses with the index finger of

IPe',w,. at,,u,.,o-',k " :.1 op/h.tilo.x. The apparatus the right hand.
fl, the task conlsisted of a peripiheral itiodifica- The 24 problem sequences selected from the 52
lion orf the gruroitl prol'dem-solvinzg task.'-' lite possible sequences were presented in I randoin-
1i,0ilifi'atioii ,.oilprised the stibstittition of a ized order so that the subject had no prior in-
4111:1kll Illetal box onIt wlich live pIslh-lbuttons were fornmation as to tile correct sequence for any
ilIoliitte(l ill a row for tilte sinzlle button per each given new problem.•1" liJves!jvt panlels ill tile 'roulp ver.sion.o five Si t thgThe left-to-right search procedure specified to

Three ii4ator lights. with green, 1atber, or the subjects was chosen as the most efficient ap-
,, .iJewels. provided feedback to the subject. lroa'Itth in termis of memory load during search.

green light was used to indicate that a given Therefore, subjects were instructed always to be-
brolbleit had been solved. The auber lithtt itidi- gin with the left-hand button and search from
'ated to tlthe subject that his depression of one left to riglt: the left-hand button was to be

,f the IhlttolS had regzisteredi in the progr fing (con15sidered to follow tite extreme right-hand but-
and sorinz 'ircuitry (failure of titis light, to ton in the search sequence. For example, assume
illitittinate was a signal to repress the button to the correct sequence for a givp'n imr6blem to be
refristel. tie respttSe choice). The red light ~button depressions in the order 4, 5. 3, 1, 2. A
served two functions. Its initial illumination subject who was proceeElhng according to instruc-
inldivated to the subject that. a problem was being tions would emit tte following responses ("E"

presented and that lie should immediately begin designating an error and "R" a correct response)
to search for the solution. Subsequently, the red 1E, 2E, 3E, 411, 511, IE, 4R, 5R, 2E, 4R, 50, 3R,
light providted error illfortiiation in the following 11, 2R (green light).
uattuer: :in" ttite any of the buttons was pushed 'rite subject's performance was recorded by

while the red light was on. the light, would te?_ ?_ 910 neans of anl automlatic scoring system with a
otit. If the Ibuttton depressed was tile correct first
ttittotn ili a given pirblem sequpence, the light punch tape output. rite time at Which each

W0vhld retitain out when tie lbitton was released event. occurred was recorded to the nearest 1/100

ith te butt ,llt wa. incorrect. thie red light would second with respect, to tile beginning of the ex-
.olc I 1a.k oil when the blitto|| was released. pe'iniental session (time zero). The button,

'llths. tie initial step ilt solving a problem was pushed, whether or not it was in the correct se-

t to I% tle bluttons one at a tittie in a left-to-rigvht quence, and whether it. was associated with an
,f initial solution or a re-entered solution was alsoS(-(lt live to determine which butt ton was first for recorded. Trie punch tapes were then read by a

so vting thit, iluroilemli at hand. la'inlg found that
I i ton. the sub~jet :aga.:in searched in ;a left-to- (COmuputer which complied and analyzed thle data.1111tol. to Sibjet gail Sarced ll ! lft-o "Fite, ieasures, used were, as follows :
ri..hlt seq(uicuce for the next correct button. Tnhus,
if the next buttton pushed after finding tile first 1. Mean time ler response (initial and re-
,'rre't huitton was the second in the sequence, entered solution combined). This measure simply
the red light would stay out: if the next button determined the average number of seconds it.
wm:s olt of :iucitelee f4r that pIobltem. tile red took a stubject to make each one of his responses
i.L!ht wouhld be re-ilhttutinated. and the number- dtrimg the entire coi.rse of the experiment. It.

le btt, h ollt would .1a in have to be plushCed il provides an index of the speed with which each
oi1-le' to ,',oituilue withti the searel, for tite second subject responded.
bIttotoi. ()ntvv each of tle live buttons had been 2. Mcan surplus errors (initial solution). The
lillhedl in the correc.t sequten'e. tile green light surpluhs-errors measure was (lerived as follows:
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for any iven problem sequence, tie exact hum- that h.4 been Chosen at random for hil to take

her of errors ouhl 1)e preldicted for a sulbject first. After finishing that test, or tipont expira-
who followed the .prescribed search procedtire. tion of the ti:ue limit, the subject began• tlie
Thus, this measure was the mean (per problem) training period on thlie code-loek task. IlIe wvas
of the actual numhber of errors minus thi ex- told to push only one button at .at line using the
pected nmnber of errors for the initial solution index linger of his right hand. lie was told to
of the problems. For example, refet'ing back work as rapidly as Ike eouhld but. to avoid making
to tile previously presented sample prolblem se- uinnecess:urV errors. The experimenter "talked
plenee, tile expected • umber of errors in solving tile subject t hirough'" two coimlilete prolde(ius and
I hat probleIn was five. thenl stood behind the subject for a number of

3. Proportion of errors (initial and re-entered problems that was dependent umpomi when tile

solution combined). This represents the number subject had demon,%trated that he un.derstood tle

of errors aI suhbject. made divided by the entire nature, of the task awid what was expected of hint

ummher of responses made to the prolilem. In (this mtumniber was tylpically about three proh-

other words, it is a measure of one aspect of lems). The experimenter then entered the ad-

Ip'obleml-solvi ng efficiency. joining roonm from which lie Could observe the

-4. Mean time. per response (re-entered soln- subject throuPgh a half-silvered mirror. The
tion). This value is calculated only for the suhde,'t was permitted to work a total of at least

responses during the confirming solution t , ten practice problens: when required the nmber

an(d provides a measure of re.sponse speed after was extended to 11 or 12. When necessary dur-
the various probhes had been solved. ing the training phase, the experimenter reminded

5. Mean solution time after first correct re- the subject. to follow the prescriled search se-
e(initial solution). Ime this case, the meas- filience. No interaction with the subject was

stose indicates howton-, it tok at sbet to arried out during the test. session itself. The
rc indricates how long it took a subject to duration of the test session depended on how fast.

determine the correct solution to a problem once the subject worked tie 24 problems, both initial
he had found the button which started tile correct the slec solukos the m4 p r th initialand second solutions: the mean for the 45 sub-
pressing sequence, jects was 25.37 minutes with a standard deviation

Tihe problem difficulty was controlled after the of 2.10 minutes. (This mean included 7.83 main-
fact. One p)rolblenm could ble solved with only one utes which was the sumit of the fixed between-
error; one problem could be solved with nine problem times.) The subject then took the
errors, the maximum number of errors for any remaining paper-and-pencil test.
of the problems. For the difficulty analysis, the
24 problems were divided into three subsets with III. Results.
the following ranges of expected numbers of
errors: 1 to 4, 5 to 6, and 7 to 9; the numlber of h1ebg.'e Jlea.,.. The obtained distribu-problems falling in each of dih three categories tion of scores on the RPMT (Table 1) ranged
prblems, fand ech from 14 to 35: with ai mean of 24.9 and 'a

was 8, 9,and 7' respectively. standard( deviation of 4.6. A score of 14 on
intrelliqene .leasreniei The Otis Quick- this test represents the 75th percentile according

Scoring Mental Ability Ganmm Test, Form , to the published norms for age 20. The 90th

was adlministerel using the standard instructions Iereetile and 95thi percentile are represented by
from the manual with a 30-minute time limit. scores of 21 and 24 respectively. In this study,
The Raven Progressive Matrices 'rest (1962 36 of the subjects (80%) scored at the 90th
PRevision) was also given witT. the standrU'd 111- percentile or above. Thus, the rang of RPMT
structions and a 40-minute time limit. (Brief scores was rather limited.
descriptions of the Otis and RPMIT are pre- The scores on the (tis ranged from 43 to 76
sented in Appendix 1.) For 23 of the subjects, with a mean of ti1.6 and a sti dard defmiation of

the, Otis was given first, the code-lock perform- 9.2 (Tamable 1). The 6eand for the Otis at. age 1o
9.2ol oraolder is)4. Th ian fo amma s tagreIantce seCond and the RPMIT last. For the other Or oler is 42. Sf 100 is the

22 subjects, the order was reversed. equivalent of the 50th percentile, the range of

,rovoed,,rje. nhe subject, upon arrival at the obtained IQ seores (from 101 to 131) relresents
lalboratorv, was given the paper-and-pIencil test a vairiationl front average to superior perforni-

3



"TAILE I .- rFrquency distribution of scores on the Raven Progressive Matrices Test (1962 Revision) and Otis Quick-

Scoring Mental Ability Gamma Test, Form C.

RPMT Otis

Score N Score N Score N Score N Score N

1.1 1 25 2 43 1 54 1 65 1
15 1 26 4 44 1 55 2 66 4
16 - 27 -4 45 - 56 1 67 1
17 1 28 4 46 - 57 1 68 2
18 1 29 1 47 1 58 3 69 3
19 3 30 5 48 2 59 2 70 1
20 2 31 2 49 1 60 1 71 1
21 - 32 1 50 1 61 - 72 -

22 4 33 - 51 - 62 2 73 1
23 3 34 - 52 1 63 1 74 2
24 5 35 1 53 2 64 1 75 1

76 3

auce. This was a considerably greater range of between tVe actual number of errors minus the
scores than that obtained from the RP1 IT. expected number of errors approached, but did

The correlation between the RIPMT and the not achieve, significance, (.= -. 29; .05<p<.10).
Otis was .27 (.05<p<.10). The correlations for each RPMT measure with

(Code-Lo.k IPerfo'mwanee and Intel/;ge ee. The each of the three levels of expected errors are
intercorrelational matrix of the five code-lock shown in Table 3 for the RPMT. The smaller
measures and the two intelligence measures is predicted number of errors led to higher correla-
shown in Table 2. These correlations are based tions. Four of the five correlations were signifi-
on averages across all difficulty levels for the cant at the .05 level of confidence for the expected
code-lock measures. error range of 1 to 4 errors; the fifth correlation

(Only one of the five correlations between the approached significance (r=-.29; .05<p<.10).
None of the correlations for either the 5 to 6 or

code-lock measures and the IIPMT was signifi-
cant at the .05 level of confidence. This was the the 7 to 9 error ranges was significant.

iue:1sure of time requirel to solve the problem Three of the five correlations between the Otis
:a fter htaving found the first correct button in a and the code-lock measures were significant.
problem sequence (r -. 31). The correlation These code-lock measures were: time per response

TABLE 2.-Correlation matrix for intelligence and code-lock measures.

Measurec

Raven Ml M2  M3 M4  M5

Otis -------------------. 274 -. 613** -. 196 -. 245 . 594** 574**
Raven ---------------- .246 -. 293 -. 182 -. 178 -. 311*
M! ...................-. 204 .240 .832** .962**
Nit.................... 597** .136 .373**
IP -------------------- .424** .276
IN -------------------- .705**

amN--.Mean time per response (Ist and 2nd solutions combined)
M2-Mean surplus errors (1st solution)
M 3-Proportion of errors (Ist and 2nd solutions combined)
M4N-Menn time per response (2nd solution)
MS-Mean solution time after 1st correct response (1st solution)
*-•p <. 05 **-p <. 1

4



TABiE 3.-Correlations between code-lock measures for three levels of expected errors (problem difficulty) and both the
Raven Progressive Matrices Test and the Otis Quick-Scoring Mental Ability Gamma Test, Form C.

Measure a

Expected
Test Errors MAi M2 M3 M4  A5

1-4 -. 332* -. 354* -. 298 -. 304* 397**
Rave .---------------- 5-6 -. 154 -. 058 -. 085 -. 059 -. 20f)

7-9 -. 260 -. 023 -. 048 -. 172 -. 268

1-4 --. 565** -. 106 -. 168 -. 500** -. 488**
Otis ------------------ 5-6 -. 586** -. 132 -. 185 -. 494** -. 551"*

7-9 -. 590** -. 117 -. 010 -. 516"* -. 522**

a See Table 2 for description of measures
*=p <. 05 **=p <. 01

for first and second solutions combined (r=.61), present findings suggest that the 1962 version of
time per response for the second solution only the RPMT also has a relatively low functional
(r=--.59), and solution time after finding the "top," at least when applied to college student

first correct button in the sequence (r=-.57). populations and may, therefore, not be appro-
The intercorrelations among the three code-lock priate for use with indi'viduals of above average
measures that correlated significantly with tile intelligence.
Otis were quite high, ranging from +.70 to +.96. In general the code-lock measures did not re-

The correlations with the Otis for each measure late closely to 11PlMT performance, except at the
at each of the three levels of expected errors are least difficult problem level. However, even with
shown in Table 3. The relative magnitudes of the least difficult lproblems the correlations, al-
the correlations were not appreciably affected by though significant for the three time measures
the breakout of different expected numbers of and one error measure, did not exceed .40. In
errors. However. the correlations were slightly comparison, Alluisi and Coates, found correla-
lower t1tan for the data based on all problems, tions ranging to .52. As noted above, the gen-
perhaps because of the decreased stability afforded eral lack of a stroi)g relationship in this studyby the smaller number of problems per data may have been due in large part to the limited
point for each subject for a given expected error range of RPMT scores. In the Alluisi andrange. Coates experiment, the range of RIPMT scores

was considerably greater, as according to Coates,4
IV. Discussion. only 40% of their subjects exceeded the 90th

The small, lon-si-nifficant. correlations (.27) percentile, while in this study 80% exceeded that
beTween the Otis a ndthe corrTis consisten) level of performance. It is particularly puzzling,between the Otis and the REPIT is consistent

with previous research findings.-g...I On the however, as to why the significant correlationsewere obtained only for the least difficult prob-other hand, it is probable that such •.rrelations lems. Perhaps the differentiation which did
indicate that. the two tests do not. generally occur in Per T scores was related i ch sone madi-
measure the same aspects of mental abilities. nc.r to the s coret wab tesated n entire
Also, in this study the range of scores on tih ner to the snbjecs ability to estimate 'i entire
RPT was rather narrow, which may hav-e fil-- sequence for the least difficult lproblems from ather liwiiad the narMT-Otis correlations as well few button presses, while this was not possible

as the RPNMT and code-lock correlations. The for any subjects with the more complex response
finding that the RPMT scores were uniformly sequences.
at a high level was not expected since the 1902 In comparing this study with that of Alluisi
revision of the RPPMT was developed to provide and Coates,' the procedural variations between
a, non-verbal assessment of ability in adults of the code-lock and COTRAN tasks should also
above-average intellectual ability., Instead, the be noted. First, the instructions given COTRAN



sujects dlid not, miention speedl or accuracy dur- ob~tainled when the Otis is onipared with other
im, the two pinses consisting, of code-lock prob- mieasuires of intelligence an achiievemnent.~ 3It is
lemsný. In this stiildY, each Subject was toldI to nola h h Otis shA ~rlt nywt
re:." in(I as rap~idly andt as accurately as lie could. time, and unot. error, nicast s. Perhaps the fact.
Seconi d. t he rpsr )oIse keys (not b uttonIs) for the that. the Otis is adininist~ed under a time limit
( ()'TlA N taisk wi;.re arranged for convenient. is iml-portanit to tle relaiionship. The PMIT,

wl)Qrlt iol I by thle lingetrs and~ thrinib of the right which Was also admi~l1ist~rda perte
liand~, while sitbjects ivWed only the right harid than po0wer, dlevice sho ecl some similar trends
index Ii ugeril in this exp eri ment. The emphasis where significant correl4tions oectirred, and thus

011 Speedl and avecuracy inl this setting imay have is consistent. With theti findings in indicating
uiieaseit the 'Intellectuial demand upon the sub- tile signIiflicanlce of the. i efato ais a basis for

jo'ot considerably fromi that in the. COTRAN the obtained relatio i ips. In any 0el~it, the
task. andl the oliflerence in response (devices may code-lock task (loes s ni related to the Otis as a
hatve increasedI the influence of mianual-dexterity mleasurle Of genieral - ittelligence, and therefore
inl thme ('(TfAN findings. How these factors may ofler some prominie as aui assessment device
relate to the relative per-formancve Onl the intelhi- which does not. require highly. developed verbal
"gnemaue sntcer skills. If so, it would have' potential uitility in

With r-esp~ect to the Otis, it. was found that the the assessment of ability to learn where.ortlhodox
thmree t imre meaNSUreIS Were reasonablyl efficient eval1umat ion techniqnes d iscrimi mateý against inch-
predictors of Otis performance at all three (lifli- violmials; 'whose exlperiences hadve not encoiffrageci
ciiltv levels. It. is noteworthyv that the mania-ii tulde the. development of the specific languaiage facilities
of these correlations approached those usually needed for successful test performance.



REFERENCES

1. Aluhids, E! A. and( G. 1). Coates: A eodeltransforniatton 5.E'stes, It. W. Iei'tt Iimshiis lbelw44er ( t k, 19( 's10 S-1,
ta--*I that provides pterfornimuie inteasures of non- and)( W~I8(, .IWU iNAL OIF CLIJ.NICAL I'MY(11CHL-
verh1111,I nedigI lot) (COTRtAN). National Aeronautics O(1Y, 21: 290-297, 1965.
anid Spamte AdmIfhistraItim2 Coiltractor I(j)eort No. 895, 6.* Eses I W., .11. E. ( iyti13, ]. A. li elur-y-, and

i~~f;7. ( :. D~enny: ReI~tlatioshipis be*twee~n I'WO( S-11, 19:17 S-B,
2. Chniles, W, D ., A. t1. Allulsi, IUnd 0. S. Adamis: I'Vork W~IM(2, Razven", and D r:,w-A-1M:1ti, J1OURNAL~ OF

seciedules andI( performlance dtirin.- roniifneinent, ONU INGI (lILG. : -91, mi.
* hUMAN FACU'011.q, 10 :143-196, 19IN. 7. (law, P*. 4 study'I of perfornianee test, 11.tITT.IMI

:1. Chr-onimeb, L. J.:. As.qcentials of Ilsyc',olotuierle1.'stin,,q .10FllNAL OIF PSY HILOC.PCY, 15; 174-I192, 1925.
2nd Ed., New 1Vork, Hariper and Bt!rothiersý, 19(05, 1* tI4I ,.J.'C.: Adlvanced1Ir~I~si M.ti'1, Sts
2 15 -225, aind 11. Plani and Itse of the scale. LoiisIoi, 11. K.

*4. C'oates,, G. D).: P'ersonal conimnimiention, 1970. Lewis & C'o.; Ltd.,, 196,51.

I I J



APPENDIX I

Intelligence Measure Description

Otis Quick-Scoring Mental Ability Gamma Test, England, this technique has had limited appli-
i'o-1n C c~ation in the United States because it has lacked

'l.'s test, is a revision of one of the first devices suitable norms and has not been found to cor-
to be. used for the assessment of the intelligence relate highly with academic performance. It has
levels of inidividuials examined in groups. The been used primarily as a means of identifying
I)irticular form employed is suitable for use with individuals with good reasoning ability who have
persons who have at least reached high school poor reading or language development. The
ag'e. The 80 items sample such areas as vocab- items employed in the RPMT are essentially two-
iilary, (miantitative reasoning, perception of spa- dimensional analogy problems. For each prob-
tial relationships, and abstract, reasoning. The lei, a matrix of eight patterns in at three-row
test is not so sophisticated as some more recently by three-columni arrangement is presented the
developed intelligence assessment. techniques; subject. The subject then attempts to choose the
however, its p)re(lictive validity for academic ecrroct, pattern from several alternatives to corn-
achievement, has been shown to compare fixor- plete the ninth position in the matrix. This re-
ably with most other tests. It is easy to both quires the determination of two principles, one
administer and score, and is especially useful in which governs the transition in patterns across
situations where time for assessment is limited. rows, and one which determines the variation

down columns. The two principles can then be
lavens Progressive Matrices 'Test (1962 Revi- applied to the available alternatives io determine
sion) the corropt, choice for the final pattern. The

The Rl.MT was developed as a device to iness- version of the RPMT used in this experiment is
iire intelligence independently of an individual's the Advanced Set which is suitable for use with
level of verbal skill. Although widely used in adults.
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